I n the 1960s, Morris and his colleagues (1966) reported that the incidence of coronary heart disease among London bus drivers was almost twice that of bus conductors. These findings are supported by a more recent prospective study in Copenhagen that found higher heart disease mortality among bus drivers when compared with the general population (Netterstrom, 1981) . The results from several other studies, using cross-sectional designs, also suggest that driving a bus in a modern urban transit system may carry increased health risk (Berlinguer, 1962; Rusconi, 1975; Holme, 1977; Garbe, 1980; Gardell, 1982) . It is, however, difficult to draw firm conclusions about the impact of bus driving on health from these studies because they have varied considerably in methodology and outcome measures.
The possibility of increased health risk associated with bus driving is of importance not only to the health and safety of drivers in urban transit systems, but to the vast public that interacts with these systems. Consequently, a major study of bus drivers in the municipal transit system of San Francisco is being conducted in which an attempt is being made to address some of the limitations from previous studies. The study is being conducted in collaboration with an occupational health clinic where drivers undergo a complete physical examination at the beginning of their driving career, followed by a similar examination every two years for drivers' license renewal. Thus, there is an ideal opportunity to assess baseline health status of drivers as they enter the occupation and to follow them as they are increas-Increased health risk associated with bus driving is of importance not only to the health and safety of bus drivers, but to the vast public that interacts with these systems. ingly 'exposed' to the job. The present paper describes crosssectional findings for hypertension based on data gathered in the initial stage of the study. These findings support the conclusion that bus drivers have higher rates of hypertension than comparable groups of employed individuals after adjustment for major demographic factors.
METHODS

Study Population
The target population for the present study consists of bus drivers working for the San Francisco Municipal Railway System (M UN!). Although collectively called bus drivers, these individuals operate several types of vehicles: approximately 80% operate diesel and electric buses while the remaining 20% operate light rail vehicles and cable cars. The same criteria for employment is used regardless of type of vehicle driven.
Drivers who underwent a biennial physical examination for license recertification during the period of August 1978 to December 1982 were eligible for recruitment into the study population. A total of 1,833 bus drivers, representing over 90% of the target population, were examined. Data analysis was restricted to a subgroup of 1,500 black and white male drvers because of the small number of female drivers and individuals in other ethnic groups. Whereas previous transit research has included primarily white drivers outside of the U.S. (Morris, 1966; Net terstrorn , 1981; Berlinguer, 1962; Rusconi, 1975; Holme, 1977; Garbe, 1980; Gardell, 1982) , this study population extends past research to include both black and white drivers from a large U.S. metropolitan area.
Comparison Populations
The difficulties of choosing appropriate comparison populations for cross-sectional occupational studies are well-known (Schulte, 1982) . In order to evaluate whether bus drivers have a higher prevalence of hypertension than employees from other working groups, the authors chose three different control groups for comparison to MUNI drivers. In contrast to several past studies (Morris, 1966; Berlinguer, 1962; Rusconi, 1975; Garbe, 1980; GardelI, 1982) , individuals comprising the control groups represent a wide range of occupations, allowing the authors to address whether prevalence of hyper- tension among bus drivers is higher than that of the population of employed individuals in general.
Two of the control groups selected for comparison to MUNI drivers consist of individuals previously studied in surveys that are representative of defined populations. To control for the superior health generally found among individuals who work (McMichael, 1976) , the comparisons were limited to employed people. The third comparison group consisted of men who had applied for a position as MUNI bus driver and who had passed a preemployment physical examination before being hired.
The first comparison group was drawn from the second Health and Nutrition Examination Survey (HANES II). HANES II, one of a series of interview and health examination surveys conducted by the National Center for Health Statistics, involves a stratified, multistage probability cluster sample of U.S. households (National Center for Health Statistics, 1964; 1965; 1978) . Its size allowed the authors to form a representative subset of employed individuals throughout the U.S. with whom to compare drivers. To construct the comparison population from HANES II, a data tape containing demographic and blood pressure data from the National Center for Health Statistics was obtained. From this tape a sub-sample of the HANES II population was generated that matched the study population in terms of sex, age, race, and employment status. The HANES II sample is limited in that it is not large enough to allow for a detailed breakdown by geographical area of the country. This limitation is important because mean blood pressure levels tend to be lower in the Western U.S. than in the country as a whole and therefore comparisons are relatively conservative.
To allow for a more precise control of geographical factors, the authors chose a second comparison group composed of employed individuals living in the same geographical locale as the MUNI bus drivers. These individuals were drawn from the Alameda County Hypertension Control Program (AHCP), a stratified random sample of adult individuals living in 50 contiguous census tracts in a highly urbanized county across the bay from San Francisco (Robinson, 1984) . The ethnic composition of this group is similar to that of the MUNI population, with blacks comprising 59% of the population, whites 36%, and other ethnic groups about 5%.
The HANES II and AHCP groups thus allowed comparison of bus drivers to a representative sample of employed individuals. However, the authors observed that there is a very rigorous selection process for becoming a MUNI bus driver. Therefore, if individuals began their driving careers with a much healthier physical status than other occupational groups, the impact of driving might not be apparent in relationship to the 'average' employed person. As a result, a third control group, which consists of individuals who Were applying for the position of MUNI bus driver, was added.
These individuals underwent preemployment examinations that were conducted by the same health care staff and during approximately the same time period as the MUNI driver examinations. Although only individuals who were eventually hired as drivers are included in the preemployment group, there is no overlap between this group and the MUNI study population. This group, in principle, allows the authors to compare drivers with a group most like drivers on all factors except exposure to the occupation of driving a bus. One limitation of this group is that it includes a small number of white male drivers and the authors are therefore only able to make comparisons for black males.
Measurement of Hypertension
For the analysis, participants were classified as hypertensive or normotensive. Blood pressure was chosen as a dichotomous rather than a continuous variable because of the number of individuals on antihypertensive medication in both the study and comparison populations. For all groups, hypertension is defined as: diastolic blood pressure greater than or equal to 90 mmHg, systolic blood pressure greater than or equal to 140 mmHg; or current use of antihypertensive medication. These cut-off points were chosen since they were directly relevant to the relicensing guidelines used by the occupational health clinic and to current definitions of hypertension. In addition, the lower cut-off point allowed the inclusion of borderline hypertension, which increasingly is being recognized as an important risk factor for coronary heart disease.
Medication for hypertension was recorded in a similar fashion for all groups; however, there were some differences in the protocols used for blood pressure determination. In the MUNI driver and preemployment groups, one blood pressure measurement was taken during the course of the 30-minute physical examination. If the first pressure was 160/90 or higher, up to two additional measurements were taken. When multiple measures were taken, the lowest level was recorded, providing a conservative estimate of blood pressure and an underestimate of the prevalence of hypertension among bus drivers. All measurements were taken by clinic physicians and nurse practitioners who were unaware of the study hypothesis. Measurements were taken on the right arm using a standard mercury manometer; a paediatric and thigh cuff were avail- able and used when appropriate. In most cases, measurements were taken while the driver was seated; however, in some instances, the drivers were supine. The first and fifth Korotkoffs sounds were recorded as the systolic and diastolic pressures respectively.
In HANES II, blood pressure was measured three times during an extensive physical examination with the initial reading taken at the beginning of the examination and with two additional readings taken at least 15 minutes later (Nutritional and Health Examination Survey, 1981) . The average of the second and third measures was used as the comparison blood pressure. Blood pressure assessment in AHCP followed the format of HANES II very closely (Robinson, 1984) . Three measures were taken and the spacing of measures was similar. Again, the average of the second and third measures was used.
Data Analysis
Foranalysis, the MUNI bus drivers and the three comparison groups were divided into four ten-year age groups (20-29, 30-39, 40-49, 50-59) and one five-year group (60-64). These age groups were chosen because they include the entire age range ofMUNI drivers. The number of black and white males in each age group for MUNI and for the comparison groups is shown in Table 1 . Note that 1,500 bus drivers were available for analysis of whom over 1,000 are black. Because of the small numbers in the white preemployment age groups, this subgroup was excluded from analysis.
Age and race-specific hypertension rates for MUNI drivers were calculated and compared with rates found in the other three groups. A likelihood ratio test, prod ucing a chisquare statistic, was used for testing the overall difference in hyperten-Hypertension sion between the MUNI drivers and the respective comparison groups, while controlling for differences in age distribution (Bishop, 1975; Lingren, 1976) .
RESULTS
Hypertension rates for MUNI bus drivers and the three comparison groups are shown in Table 2 . The ratio of rates in MUNI to those in the HANES II, ACHP and preernployrnent groups are also given in Table 2 . These comparisons are shown graphically in the Figure. The hypertension rates for bus drivers were significantly greater than for each of the three comparison groups. The chi-square, testing the overall difference in hypertension between bus drivers and the comparison groups, was statistically significant at the O.OS level or less, when controlling for age. These differences were greatest (and significant at O.OOS or less) between MUNI and the AHCP and preemployment groups. No striking differences appear across age and race subgroups, except that the smallest differences are in the 40 to 49 year age group for both blacks and whites. When measurements were stratified by mean blood pressure, the authors found no unusual clustering of values around the numerical cut-off points for hypertension, suggesting that the differences among drivers are not due to increased prevalence of hypertension in the borderline category. Table 2 and the Figure, consistent, significant differences exist in hypertension rates between MUNI bus drivers and the comparison populations. In evaluating these differences, the authors considered potential bias from the following factors: differential assessment of hypertension, presence of confounding factors, and differential selection of the populations. As discussed below, most of the potential bias from these factors would result in a conservative estimate of the rates for drivers.
DISCUSSION
As shown in
Bias from differential assessment of hypertension may be present in the comparisons involving both HANES II and AHCP. As previously described, the blood pressure recorded for the MUNI population was the lowest of several measures, whereas the blood pressure for both HANES II and AHCP was the average of the second and third readings. This procedural difference should lead to a conservative estimate of the hypertension rates in the MUNI study group. The comparison between MUNI and the preemployment populations is free from this bias because blood pressure measurements were recorded in the same manner.
The presence of confounding factors is a second source of potential bias. Possible confounders in this study, related both to occupation and to blood pressure, include most major demographic factors such as race, age, social class, and area of residence. The authors controlled for race and age by comparing whites and blacks separately and by using agespecific comparisons. Social class is not directly controlled for; however, if social class is defined by income, MUNI bus drivers generally have a higher median income than individuals in either the HANES II or AHCP comparison groups. Since social class is inversely related to blood pressure (National Center for Health Statistics, 1981) , any bias in comparison created by this effect would likewise be conservative.
Geographical factors are another potential source of bias in occupational comparisons. Area of residence is controlled for in the AHCP and the preemployment groups because these populations were drawn from the same geographical locale as the bus drivers. Geographical factors are not controlled for in the HANES II comparison since this group was chosen from a national sample. To evaluate this potential limitation, the authors reviewed data from the first HANES study and found that hypertension rates were lower in the Western U.S. and in urban areas compared to the country as a whole (National Center for Health Statistics, 1981) . Therefore, if the population from HANES II is similar, the area of residence would lead to a conservative estimate of hypertension differences. The data support this Western U.S. variation since rates for AHCp, the geographical-specific comparison group, were lower than rates for HANES II, the national comparison group (Table 2) .
Selection factors operating differently in study and control populations can lead to a third source of bias. Selection factors that operate on groups of employed individuals contribute to the 'healthy worker effect' in which individuals who are employed are shown to be in better health and have lower disease rates than individuals who are not employed (McMichael, 1976) .
The authors controlled for this effect by choosing only employed individuals from the HANES II and AHCP populations. The 'healthy worker effect' applies also to the comparison between MUNI drivers and preemployment group. Although many preemployment individuals were working at the time of their examination, the degree to which this group would be 'less healthy' than a comparable group, comprised solely of employed individuals, is unknown. However, any tendency of poorer health among unemployed individuals in the preemployment group would lead to a conservative estimate of the differences between this group and MUNI drivers.
Differential selection processes may take place among occupations as well as between employed and unemployed individuals. The selection process for bus drivers may be more stringent than that operating for most occupations because drivers undergo preemployment and biennial relicensing physical examinations and often retire early or transfer to nondriving jobs when major medical conditions develop. Again, this effect would bias blood pressure comparisons in a conservative direction. 
AGE
Consideration of Psychosocial and Environmental Factors
Studies in occupational health have traditionally demonstrated the relationship between physical and chemical hazards of the occupational environment and specific disease outcomes, especially cancer of various sites. More recently, there has been increased interest in occupational differences in cardiovascular disease. The reasons for such a possible impact of occupation on cardiovascular disease are unknown. One possibility is that psychological or social aspects of the occupation may be involved.
During the past several decades, evidence has accumulated regarding the role of psychosocial factors in cardiovascular disease (Roseman, 1976; Feinleib, 1978; Harburg, 1973) . Severallines of research have specifically linked psychological and social aspects of occupation to cardiovascular disease. For example, individuals who work long hours or do more than one job (House, 1974; Theorell, 1972) , or experience exces-sive job mobility or incongruity between their occupational status and education level (Kaplan, 1971; Shekelle, 1969) may be at increased risk for coronary heart disease. Likewise, individuals in jobs characterized by overload or excess demands show increased coronary heart disease (French, 1970) .
An intriguing conceptualization of findings in this area, advanced by Karasek (1981) is that jobs that involve excessive psychological or physical workload, and yet do not provide adequate resources for dealing with this workload, lead to psychological and physical strain, and to subsequent increased risk of disease.
The occupation of driving a bus in a modern urban transit system particularly exemplifies this pattern. This occupation is characterized by a high level of pressure to perform a complex task under a rigid time schedule, in conjunction with a high level of responsibility for passengers and equipment, and a low level of control or discretion over how this task is conducted (Gardell, 1982) .
In addition to psychosocial factors, driving a bus differs from other occupations along a variety of dimensions, including the level of physical activity, the potential for disruption in diet and sleep habits, and exposure to various elements of the physical environment such as carbon monoxide, lead, and noise. These factors may also contribute to the increased health risks experienced by bus operators (Hickey, 1975; Ahmad, 1980; Talbot, 1985; Weiss, 1986) . In the expanded transit study, now being conducted, the authors are examining the full range of factors characterizing the occupation of driving a bus in order to assess potential health risks.
CONCLUSION
The evidence presented shows that male bus drivers have rates of hypertension significantly higher than comparable groups of employed individuals from a wide range of occupations. These differences are not explained by age or race. Furthermore, potential biases involved in the
